Building Resilience for Our Green & Gray Infrastructure by Hershner, Carl et al.
A Co-Benefit Approach to Prioritizing 
Lands for Protection
Co-benefits
Natural area contribution to:
• ecological integrity
– quality habitat provision
– connectivity, migration routes
– biodiversity maintenance
• storm mitigation
• water quality
Natural and Nature Based Features 
(NNBF) 
Proposed Approach for Protected Lands
Step 1.  NNBF Capacity               Flooding Resilience
Step 2.  NNBF + VEVA/VaNLA Co-benefits
Step 3.  Co-Benefits + Economic Stress
Step 4.  Co-Benefits + Economic Indices +Water Level Changes
Multi-beneficial assessment with a sustainable investment 
potential for use of state dollars
Conservation Assessment Tools in VA
• Va Natural Landscape Assessment (DCR)
• Forest Economics Model (DCR)
• Recreation Model (DCR)
• Watershed Model (DCR)
• Landscope (DCR)
• Development Vulnerability  (DCR)
• Conservation Lands Database  (DCR)
• VA Ecological Value Assessment (DCR, DGIF, VIMS, VCU,DEQ)
• Healthy Waters (VCU)
• Scenic Rivers (DCR)
• Benthic Index of Biological Integrity (CBP)
• Essential Wildlife Habitat (DGIF)
• Priority Conservation Areas (DGIF, DCR)
• Aquatic Priority Conservation Areas (VIMS)
• Conservation Sites (DCR)

Virginia Ecological Value Assessment (VEVA)
Step 1: NNBF Prototype:
Use of Natural and Nature-Based Features (NNBFs) to Build Resilience to Coastal 
Flooding
Goals of the project:
• Map/Inventory of more than 
350,000 NNBFs across the coastal 
region
• Identify those NNBFs that enhance 
flood resilience to about 190,000 
buildings in coastal areas
• Identify the co-benefits generated 
by NNBFs
• Ecologic – water quality 
• Socio-economic – CRS FEMA 
• Identify those NNBFs that provide 
multiple benefits for communities 

Capacity of NNBFs to mitigate coastal flooding:
What are the characteristics of each NNBF that can mitigate coastal flooding?
Permeability: potential for floodwaters to soak into the ground
Surface roughness: ground surface exerting drag on the movement of water
Vegetation roughness: stems will block and slow wave/water movement onto the land
Identify NNBFs that enhance flood resilience-
Capacity of NNBF to mitigate flooding combined with elevation:
NNBF Flood Mitigation Potential
NNBF Flood Mitigation Potential
Green = low score           Red = high score
Tree NNBF: 
Capacity = 7
Opportunity = 0.001
Flood Mitigation Potential = 0.007
Tidal Marsh NNBF: 
Capacity for Tidal Marsh = 7
Opportunity: 1
Flood Mitigation  Potential = 7
Each NNBF is scored based on:
• Capacity: potential to mitigate coastal 
flooding
• Opportunity: frequency it will be 
intercept flooding waters based on 
elevation of the feature 
Gwynn’s Island, Mathews
Inundation Pathways represent lowest areas 
where flooding waters would begin to flood 
onto the land and approach buildings
• for more than 190,000 primary buildings in the 
coastal area @ less than 10 feet in elevation
• pathways based on land elevation derived 
from LIDAR data
Gwynn’s Island, Mathews
How do we link NNBFs with the buildings they protect?
Inundation Pathways (IPs) 

Inundation Pathways
For each building, we can count the 
number and types NNBFs that protect it
• This building is protected by 1 
NNBF (a tidal marsh) 
For each NNBF, we can count the 
number of buildings it protects
• This tree area protects 3 
buildings
NNBF Feature Types (in this map):
Tidal Marsh
Tree
How to we link NNBFs with the buildings they protect?
Inundation Pathways (IPs) 
Gwynn’s Island, Mathews
Relative importance of NNBF based on how many buildings it protects:
NNBF FloodMitigation Value
Flood Mitigation Value
White = Zero score Green = low score  Red = high score
Tidal Marsh: 
Protects 32 buildings
Mitigation Potential = 7
Flood Mitigation Value = 224
Tree area: 
Protects 0 buildings
Mitigation Potential = 0.008
Flood Mitigation  Value = 0
Each NNBF is scored based on:
• Mitigation Potential 
• # buildings the NNBF protects
Gwynn’s Island, Mathews
Proposed Approach for Protected Lands
Step 1.  NNBF Capacity               Flooding Resilience
Step 2.  NNBF + VEVA/VaNLA Co-benefits
Step 3.  Co-Benefits + Economic Stress
Step 4.  Co-Benefits + Economic Indices +Water Level Changes
Multi-beneficial assessment with a sustainable investment 
potential for use of state dollars
Natural and Nature Based Features (<10 ft. elevation) + VEVA 
NNBFs Flooding 
Capacity Scores
NNBFs VEVA
Step 1.  NNBF Resilience
Step 2: 
NNBF + VEVA       Co-benefits
Economic Stress
Metrics for Economic Stress
• Percent unemployed in civilian labor force 16 years and older
• Percent 16+ not in the civilian or military labor force
• Percent 25+ without HS diploma
• Percent for whom poverty status could be determined who live 
below the poverty level 
• Percent of households with any social security income
• Percent of housing units that do not have complete plumbing
Data courtesy of Dr. Sarah Stafford, W&M School of Public Policy
NNBFs with High Ecological Value 
supporting Economically Stressed Communities
Step 3.  Co-Benefits + Economic Stress
NNBF Policy Recommendations
 Support increased awareness and education 
 Better utilization of existing funding sources 
and coordination between programs
 Creative approaches that consider         
other benefits and partnership 
opportunities
Tackling Issues in Virginia’s Onsite 
Sewage Program
Lance Gregory
Director
Division of Onsite Sewage and Water Services,
Environmental Engineering, and Marina Programs
Virginia Department of Health
(804) 864-7491
Lance.Gregory@vdh.virginia.gov
Out of Sight, Out of Mind
Public Health and Environmental Impacts
25
Funding
• Conventional Onsite Sewage Systems:
– $6,250 to $7,500
• Alternative Onsite Sewage Systems:
– $16,000 to $18,500
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Funding
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Wastewater Islands
Data
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Finding Current and Potential 
Future Septic System Failures
Task is to develop a targeting protocol for areas with chronic 
septic failures using a geographic information system (GIS).
Need to identify buildings in areas that meet the following 
criteria:
• Low lying elevations 
• No sewers
• Close to impaired waters
• Water tables close to the surface
Statewide GIS data layers exist for all four parameters, with 
some regional differences.
Oct 2018
There are ~3,600,000  
buildings (address points) 
in Virginia.
Waters impaired for E. coli
DEQ (purple) 
DSS (red and brown)
Sewer systems
-2                            0                            4
Economic Stress Index
• unemployed 
• not in the civilian or military labor force
• without HS diploma
• below the poverty level 
• with social security income
• without complete plumbing
Level 1 assessment 
Buildings 
+ Impaired waters 
- Sewer systems
+ Economic stress
potential 
target areas
STATSGO soils
Level 2 assessment
• soils data
• topography
• VDH data
Lancaster County
! Virginia Address Points
sewerlines_distrib--VEDP
lancaster_co
ClassifiedShellfishWaters20180228
COND_TYPE, CLOSED_PARAMETER
Emergency Restricted, Year Round - Relay Only
Prohibited
Restricted
Seasonally Restricted (Closed Apr-Oct)
Conditionally Approved (Closed 10days following >0.5" rain)
Conditionally Approved (Closed 10days following >1" rain)
Conditionally Approved (Closed Apr-Aug)
Conditionally Approved (Closed Apr-Oct)
Prohibited-Nonproductive, No Resource
Open, NA
Ecoli
yes
Lancaster County
Elevation in meters
Lancaster County site
Buildings—green dots
Shellfish closures—red 
polygons
= 0 – 10”
= 10 – 20”
= 20 – 39”
= 39 – 59”
= 59 – 79”
> 79”
Depth to water table
centimeters inches
Lancaster County site
State database on repair permits (red dots), waterfront parcels (orange), 
other parcels (tan)

Septic system and SLR impacts
• where are the 
problems
– resolution issues 
with current data
– utility of current 
data
• what are the 
future risks
• what are the 
mitigation options 
Figure from Jamaluddin, et al. 2016. Threats faced by groundwater: A 
preliminary study in Kuala Selangor. Researchgate. 9p. 
Septic Policy Recommendations
 Data to identify type and location of systems, 
as well as a funding needs assessment
 Education, coordination, and expansion of 
existing funding sources
 Encourage a more proactive approach           
(expanded maintenance reporting                
and pump-out requirements)
Resilience Planning for 
Transportation 
Infrastructure on 
Virginia’s Eastern 
Shore
Curtis Smith
Director of Planning
Accomack-Northampton Planning District Commission
Regional Transportation 
Infrastructure Overview
Eastern Shore of VA
• ≈75-mile long peninsula
▫ 44,391 residents 
▫ 2 counties & 19 incorporated towns 
▫ 3 island towns: Chincoteague, 
Saxis, Tangier
▫ Critical facilities on islands: 
NASA Wallops Flight 
Facility/Mid-Atlantic Regional 
Spaceport, 1 National Seashore, 
2 National Wildlife Refuges, 
Chesapeake Bay Bridge-Tunnel
▫ Most land susceptible to inundation 
from sea-level rise of any region in 
the Commonwealth
Eastern 
Shore of 
Virginia
Transportation Infrastructure
• 1,516 miles of primary & secondary roads
• Numerous causeways (Chincoteague, Saxis, etc.)
• Predominantly maintenance only for secondary roads & bridges (In 2011: 5 structurally deficient, 15 
functionally obsolete)
• VDOT Design Horizons:
• Primary: 22 years; Secondary: 11 years; Bridges: 50 years
• Estimated 3,000 miles of roadside ditches
• Creeks, Railroad, Airports, Spaceport
Inundation 
Vulnerability
Regional Vulnerability Assessment (2015)
• First regional study conducted in partnership 
with VDOT
• Screening-level assessment to determine 
inundation from relative sea-level rise (RSLR)
1. Which infrastructure is vulnerable
2. Which communities/facilities have limited 
access or become disconnected
3. When will these conditions occur 
• Primary datasets: VDOT Road Centerlines, 
LiDAR elevation data, NOAA SLR/Coastal 
Flooding model, VA SLR projections (VIMS, 
2013)
• Assumes “stillwater” inundation scenarios 
above MHHW  best case scenarios
Where & When 
Will Inundation 
Occur?
Regional RSLR above MHHW
• 1 foot: 33 miles (2.2%)
• 2 feet: 131 miles (8.6%)
• 3 feet: 209 miles (13.8%)
• 4 feet: 270 miles (17.8%)
• 5 feet: 319 miles (21.0%)
• 6 feet: 371 miles (24.5%)
• Over 80% of all vulnerable roads 
located in Accomack County
When?
• 1 foot: ≈2025-2050
• 2 feet: ≈2045-2090
• 3 feet: >2060
• 4 feet: >2070
• 5 feet: >2080
• 6 feet: >2090
*** Range of dates from highest, 
high, & low SLR curves adjusted 
for local subsidence (VIMS, 2013)
How & When 
Will Accessibility 
Be Impacted?
• Over 50 communities/facilities assessed
• 7 communities/facilities disconnected during stillwater conditions 
at all tides between 2025 & 2050 (including Saxis)
• Chincoteague, NWR, & Nat. Seashore disconnected beginning 
sometime between 2045-2090Community 
Access Not 
Impacted
Community 
accessible 
during all 
tides
Access to 
Community 
Limited
At least one 
access route 
inundated & 
<50% of 
roads 
inundated
Disconnected
/Inaccessible
All access 
routes 
inundated 
and <50% of 
roads in 
community 
inundated
Majority of 
Roads 
Inundated
>50% of 
roads in 
community 
inundated
1-Foot RSLR 
(2025-2050)
6-Feet RSLR 
(>2090)
Accessibility 
(Cont.)
Accomack County
Community/
Critical Facility
# of 
Access 
Routes
Inundation Level
1 feet 2 feet 3 feet 4 feet 5 feet 6 feet
Assawoman 3
Baileys Neck 1
Baylys Neck 1
Belle Haven 4
Bell Neck 1
Bloxom 4
Captains Cove 3
Cashville 2
Cedar View 1
Chincoteague 1
Chincoteague Nat. 
Wildlife Refuge
1
Crystal Beach 1
East Point 1
Davis Wharf 1
Deep Creek 1
Gladding Landing 1
Greenbackville 2
Guard Shore 1
Guilford 3
Hacksneck 1
Harborton 1
Hopkins 1
Henry's Point 1
Locustville 2
Mount Nebo 3
Nandua Bay 1
NASA Wallops Flight 
Facility - Main Base
2
NASA Wallops Flight 
Facility/Mid-Atlantic 
Regional Spaceport
1
North Chesconessex 1
Pitts Creek Landing 1
Poplar Cove 1
Sanford 2
Saxis 1
Schooner Bay 1
Tangier 0
Trails End 1
Quinby/Upshurs Neck 3
Wachapreague 4
Legend
Community 
Access Not 
Impacted
Access to 
Community 
Limited
Disconnected
/Inaccessible
Majority of 
Roads 
Inundated
Northampton County
Community/
Critical Facility
# of 
Access 
Routes
Inundation Level
1 
feet
2 
feet
3 
feet
4 
feet
5 
feet
6 
feet
Arlington Plantation 1
Bayford 1
Cape Charles 2
Cherrystone 1
Church Neck 1
Clearview 1
Franktown 4
Johnsons Cove/Old 
Neck
1
Oyster 2
The Peacefuls 2
Red Bank 1
Vaucluse Shores 1
Webbs Island 1
Willis Wharf 2
Wise Point Landing 
- ESVA NWR
1
Study 
Recommendations
• Update on 5-10 year intervals or when better 
information becomes available
• Education & outreach to inform impacted 
stakeholders
• Additional studies to determine impacts on 
other transportation infrastructure (ditches, 
buried utilities, signalization, rights-of-way)
• Conduct preliminary engineering studies on 
highest priority infrastructure to develop 
appropriate designs for long-term resilience 
(including cost estimates) 
• Incorporate Outcomes into 
Prioritization Processes
• Locality 6-Year Improvement Plans
• Long-Range Transportation Plan
Challenges & Potential Solutions
• Data/Information Needs:
▫ Digitally available locations of ditches & VDOT right-of-
ways
▫ Ownership & Maintenance Responsibilities
• Unique Challenges:
▫ Islands – roads on and causeways connecting to
 Wetland impacts
 Poor foundations
• Funding Challenges:
▫ Lack of funding to address vulnerable rural secondary roads
▫ Smart Scale criteria forcing rural localities to now prioritize 
primary road enhancements over secondary roads
▫ Maintenance costs escalating with increasing flooding
• State/Local Policy:
▫ Lack of state policies regarding long-term maintenance of 
vulnerable roads
▫ Localities struggling with how to prioritize vulnerable 
projects with limited funding available and state policy 
lacking
Curtis Smith
Accomack-Northampton PDC
757-787-2936
csmith@a-npdc.org
Impacts of recurrent 
flooding and sea level 
rise on road 
accessibility
Oct. 2018


1.5 ft (0.5m) ~ 2050
4.2 ft (1.3m) ~ 2100
+ Sea Level Rise
Flood Frequency Analysis
Flood Frequency Analysis (2017)
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Roads & Transportation Policy 
Recommendations
 Fully incorporate resilience into the State 
Transportation Plan, with state-authorized 
predictive data & design standards
 Additional authority for abandonment
 Funding for transportation                 
resilience measures
